We report here, for the first time, a novel multi-scaled hybrid orthopedic implant material consisting of a macroporous Ti scaffold, whose macropores' walls have a microporous titania layer which is fully covered with nanofibers of Sr-doped hydroxyapatite (Sr-HA). The microporous titania layer is formed on and within the Ti scaffold by micro-arc oxidation, which firmly binds to the Ti substrate and contains Ca 2+ , Sr 2+ and PO 3− 4 ions. It is then hydrothermally treated to form Sr-HA nanofibers. During the hydrothermal treatment, Sr-HA nanoprisms nucleate from Ca 0.5 Sr 0.5 TiO 3 pre-formed on the TiO 2 and grow in length to nanofibers at the expense of Ca 2+ , Sr 2+ and PO 3− 4 ions that migrate from the TiO 2 . These Sr-HA nanofibers construct a network structure similar to the hierarchical organization of bone extracellular matrix (ECM), and the resulting nanofibrous surface displays a firm adhesion to substrate, superhydrophilicity and apatite-inducing ability. The induced apatite prefers to nucleate on the basal-faceted surfaces of Sr-HA nanofibers. The nanofiber-walled scaffold has a great potential for load-bearing orthotopic use.
Introduction
Today various bone tissue failures represent common and significant clinical problems [1] , while orthopedic implantation has been proven to be an effective solution to substitute or regenerate bone tissue at failure sites. Orthopedic implant stability is not only a function of strength but also depends on the fixation established with surrounding tissues. Compacted titanium and its alloys have so far shown the greatest potential to be the basis of implants for load-bearing orthopedic applications. Unfortunately, the current implants based on the compacted metals only have, on average, a 10-15 year lifetime [1] , which is limited primarily by wear particle induced bone osteolysis and partially by stress shielding induced bone resorption [2] . A strategy addressing the 1 Author to whom any correspondence should be addressed.
problem is to use porous metallic scaffolds such as porous Ti/Ti alloy and tantalum [3] [4] [5] , as their elastic modulus can be adjusted to match that of bone to reduce stress shielding and thereby prevent bone resorption, and their macropores allow for bone ingrowth to achieve improved fixation [3] [4] [5] . However, these metallic scaffolds are bioinert, without the capacity to encourage bone formation.
Since many fundamental biological processes take place at the implant/tissue interface, and the surface characteristics of biomaterials such as chemical composition, energy, roughness, topography and stiffness are recognized as crucial factors with regard to tissue acceptance and cell behavior [6] [7] [8] [9] , a significant challenge in implantology is how to endow metallic scaffolds with hierarchical structure that actively promotes functional regeneration of the host tissue. As is known, natural bone exhibits a hierarchical structure that mainly consists of collagen fibrils with a diameter of 20-80 nm and hydroxyapatite (HA) nanocrystals embedded in the fibrils' gaps; such a nanofibrous framework is an ideal extracellular matrix (ECM) that hosts cells capable of dynamically remodeling bone [10] . A nanofibrous matrix is believed to be able to retain bone ECM components [11] . Some recent reports reveal that nanofibrous substrates significantly enhance the adhesion of mesenchymal stem cells [12] . Nanofiber-walled scaffolds can greatly promote the adhesion, proliferation, differentiation and mineralization of osteoblasts as well as bone formation as compared to solid-walled ones [13] . HA-coated polymer nanofibers show enhanced osteoblast proliferation, alkaline phosphatase activity and mineralization compared to uncoated ones [14, 15] . Moreover, strontium-doped HA (Sr-HA) with Sr dose lower than 20 at.% enhances osteoblast activity and the positive effect of HA on bone regeneration [16] [17] [18] . Therefore, it is favored to design and engineer artificial materials with topography, composition and properties similar to the bone ECM [10, 15] .
Among the nanotechnologies to form 1D nanostructures, the hydrothermal method has been shown to be an effective way to create HA grade (such as HA, fluoridated/carbonated HA and Sr-HA) nanorods and nanofibers [19] [20] [21] [22] [23] [24] [25] . However, these 1D HA grade products are mostly in the form of powders rather than films; also, in this method surfactants [19, 20] , chelating agent [21] , template [22] , urea [23] or acetamide [24] are used as nanostructure-directing reagents, some of which are hazardous and may cause unnecessary biological effects [25] . For hydrothermally formed HA films, Chen et al have reported that a film of compacted fluoridated HA nanorods, with a structure similar to dental enamel rather than bone ECM, was grown on metal plates [21] ; recent works have just shown compacted layers of micrometer-sized equiaxed HA crystals [26] or polygonal-shaped HA nanoparticles [27] on Ti alloys. Alternatively, there are some reports on the fabrication of nanofiber-walled scaffolds, including electrospun [14, 15] and phase separated [13] polymer/collagen/HA nanofibrous scaffolds, sintered HA nanofiber scaffolds [28] , self-assembled peptide amphiphile (PA) nanofiber scaffolds [29] , PA nanofiber filled Ti foam [2] , and hydrothermally formed Na 2 Ti 2 O 5 nanowires within NiTi scaffolds [30] . However, the limitations of these scaffolds for orthopedic use are still pronounced due to their relatively poor mechanical strength, storage duration and/or osteoinduction.
In particular, materialderived osteoinduction significantly enhances bone healing orthotopically [31] . Herein, we report, for the first time, the hydrothermal growth of Sr-HA nanofibers on micro-arc oxidized macropore walls of a Ti scaffold to form a multiscaled hybrid material with a structure of macropore walls similar to the hierarchical organization of bone ECM.
Materials and methods

Micro-arc oxidation of a Ti scaffold
A Ti scaffold was prepared by a space holder and powder metallurgy as described elsewhere [32] . A bipolar pulse power supply was employed for micro-arc oxidation (MAO) of porous titanium bulks. The porous titanium bulks with a size of 10 mm × 5 mm × 5 mm were used as anodes and treated in an aqueous electrolyte containing 0.167 M calcium acetate, 0.033 M strontium acetate and 0.02 M β-glycerophosphate disodium at an applied positive pulse voltage of 450 V, a negative pulse voltage of 100 V, a pulse frequency of 100 Hz and a duty ratio of 26% for 5 min. During the MAO, the electrolyte was cooled with water of 3
• C. The micro-arc oxidized (MAOed) samples were ultrasonically washed with alcohol and distilled water, and then dried at room temperature.
Hydrothermal treatment of the MAOed Ti scaffolds
A Teflon-lined autoclave with a volume of 40 ml was employed for hydrothermal treatment of the MAOed porous Ti samples. After adding 6 ml of distilled water with an initial pH value of 6.4 or ammonia aqueous solution with an initial pH value of 13 into the autoclave, the MAOed Ti scaffolds were mounted in the autoclave but located in its top space, without touching the liquids. The autoclave was heated at 140
• C for 1-96 h and 180
• C for 24-96 h. After the hydrothermal treatment, the porous Ti samples were washed thoroughly with distilled water and dried at room temperature.
Microstructure and adhesion characterization
The porous samples were broken in the middle by pliers. All structural analyses were conducted on the fractured sections. Phase identification was carried out by an x-ray diffractometer (X'Pert PRO, Netherland) in θ -θ geometry (XRD) or with a grazing angle method (GA-XRD) using Cu Kα rays. In the GA-XRD tests, the incident angle was fixed at 0.5
• . The morphologies and elemental compositions of the samples ware examined by a field emission scanning electron microscope (FESEM; JEOL JSM-6700F, Japan) equipped with an energy-dispersive x-ray spectrometer (EDX). The elements and chemical species of the inner-pore wall were examined with x-ray photoelectron spectroscopy (XPS; Axis Ultra, UK). In the XPS tests, Mg Kα radiation was used as an x-ray source, and the photoelectron take-off angle was set at 45
• . The obtained XPS spectra were calibrated to the C 1s (hydrocarbon C-C, C-H) contribution at the binding energy of 284.8 eV. The microstructure and elemental compositions of the nanofibers, scratched from the fractured sections of the porous samples, were examined by transmission electron microscopy (TEM; JEOL JEM-2000FX, Japan) operating at 200 kV and equipped with EDX, respectively.
To identify the bond strengths of the modification layers on the Ti, flat Ti discs with a size of 15 × 2 mm were employed to receive MAO and hydrothermal treatment under the same processing conditions as those used for the aforementioned porous Ti bulks. Scratch tests of the flat samples were performed using an auto scratch coating tester. The scratch test consisted of the generation of scratches using a spherical stylus (Rockwell C diamond) maintained at a constant speed over the surface under different loads. The critical load, L c , was defined as the smallest load at which a recognizable failure occurred, and was determined from the load versus acoustic output characteristics. 
Evaluation of wettability and apatite-inducing ability
The hydrophilicity of the porous samples was measured by a surface contact angle measurement machine (DSA30, Kruss, Germany), according to the procedure performed on Na 2 Ti 2 O 5 nanowire coated/uncoated porous NiTi scaffolds [30] . For each measurement, a 1.5 μl droplet of distilled water was suspended from the tip of the microliter syringe and the syringe tip was advanced toward the sample surface. When the water droplet contacted the sample surface, an image was collected with the camera and the contact angle between the droplet and the sample was measured from the magnified image. The reported contact angle value of each sample is the average of at least five measurements taken at different locations of the sample surface. The apatite-forming ability of the porous samples was examined by immersing them in simulated body fluid (SBF). The SBF solution was prepared by dissolving reagent grade chemicals (NaCl, NaHCO 3 and 0.5 SO 2− 4 , nearly equal to those of human blood plasma. Each coating was immersed in a plastic vial containing 50 ml of SBF solution and was kept under static conditions inside a biological thermostat at 36.5
• C. The SBF was refreshed every two days so that a lack of ions would not inhibit the apatite formation. After immersing for the selected days, the coatings were removed from the SBF, washed with distilled water and then air dried.
Results and discussion
Structure of the micro-arc oxidized Ti scaffold
A schematic diagram of the fabrication process and multiscaled structure of the hybrid bone implant material is illustrated in figure 1 . The macroporous Ti scaffold used was prepared by a space holder and powder metallurgy as described elsewhere [32] . It reveals an interconnected porous structure with a porosity of 68% and a pore size of 180-208 μm, and has a compressive strength of 42.8 MPa and Young's modulus of 2.1 GPa, which are higher than and match that of cancellous bone (2-10 MPa and 1-10 GPa [32] ), respectively. Such a pore size of the scaffold is suitable for bone ingrowth based on the evidence that bone can grow into pores as small as 60 μm, while the optimum pore diameter for bone ingrowth is 150-400 μm [33] . The resulting Ti scaffold was then subjected to micro-arc oxidation (MAO) in an aqueous electrolyte containing Ca, P and Sr species. Although previous works have reported that MAO could form firmly adhered (adhesive strength more than 40 MPa) titania or Ca-P ceramic films on the surfaces of compacted Ti and its alloys [34] [35] [36] [37] , it has never been applied to the internal macropores' walls of a metallic scaffold with complex geometry by other authors. Our experience on MAO showed a significant difference in micro-arc discharge on the planar surface of solid metal, millimeter-and micrometer-sized porous walls [35] [36] [37] ; a bipolar pulse power mode, rather than the commonly used dc or ac power mode, was employed for MAO of the present Ti scaffold. Figure 2 shows the structure of the micro-arc oxidized (MAOed) Ti scaffold. It is obvious that the adopted MAO processing can form a microporous film on a large scale on the internal macropores' walls of the scaffold ( figure 2(a) ). The film is uniform in thickness with a value of about 8 μm and there is no discontinuity at the interface of the film/Ti (figure 2(b)), exhibiting a firm binding to the Ti substrate. Meanwhile, the outermost part of the matrix of the film is quite dense (bottom inset in figure 2(b) ). On the film surface, the micropores exhibit a diameter of 1-2 μm and distribute homogeneously over the film (top inset in figure 2(b) ). Besides the predominant elements of Ti and O, the film also contains Ca, P and Sr as detected by EDX and XPS. The contents of Ca and P tend to increase from the film/Ti interface to the film surface ( figure 2(b) ). XPS high-resolution spectra of Ca 2p, Sr 3p, Sr 3d and P 2p ( figure 2(c) ) detected from the film surface indicate that the Ca 2p peaks are located at 347.1 eV (2p 3/2 ) and 350.7 eV (2p 1/2 ), corresponding to Ca 2p in Ca 3 (PO 4 ) 2 [37] . The doublet peaks of Sr 3p 3/2 at 269.9 eV and Sr 3p 1/2 at 280.7 eV are fitted to those of Sr 3p in SrTiO 3 ; the doublet peaks of Sr 3d are located at around 132.7 eV (3d 5/2 ) and 134.5 eV (3d 3/2 ), respectively, in accordance with those reported for SrTiO 3 [16, 38] . The P 2p peak is well fitted at 133.3 eV, assigned to P 2p in Ca 3 (PO 4 ) 2 [37] . It is indicated that the Ca, Sr and P are in the form of Ca 2+ , Sr 2+ and PO 3− 4 to incorporate into the MAOed film. The microporous film on the internal macropores' walls consists of titania as identified by XRD in the grazing angle model (GA-XRD, see pattern I in figure 5(a) ).
Hydrothermal growth of Sr-HA nanofibers within the micro-arc oxidized Ti scaffold
The MAOed Ti scaffolds were subsequently autoclaved to receive hydrothermal treatment (HT), without adding any nanostructure-directing reagents. At 140
• C and an initial pH value of 6.4 for 24 h, a multi-scaled structure as shown in figure 3(a) was formed. This special structure not only exhibits 3D macroporous topography but also a large scale of nanofibers growing directly from the microporous titania film on the macropores' walls. The nanofibers are hexagonal prism-like with a mean diameter of 70 nm while the distance between most of the nanofibers is less than 70 nm, constructing a nanofibrous network ( figure 3(b) ). Such a morphology is quite similar to the hierarchical structure of the secondary bone ECM, which reveals a nanofibrous framework consisting of collagen fibrils with a mean diameter of 78 nm and HA nanocrystals embedded in the fibrils' gaps [10] . It is worth noticing that the nanofibers fully covered the exposed surfaces of the MAOed porous Ti. The TEM image shows that the scratched individual nanofiber has an equivalent diameter along the long axis; its surface is quite smooth ( figure 3(c) ). The EDS spectrum (inset in figure 3(c) ) reveals the presence of Ca, Sr, P and O elements in the nanofiber, whereas the Cu signal in the spectrum arises from the Cu-grid background. Selected area electron diffraction (SAED) observations were performed in three areas (denoted A, B and C) along the long axis of the fiber, revealing that the diffraction patterns from areas A and C have similar geometry to the pattern from the area B. The SAED pattern from area B shows distinct spots corresponding to Ca 9 Sr(PO 4 ) 6 (OH) 2 (termed as Sr 1 -HA) with high crystallinity (inset in figure 3(d) ). The high-resolution TEM (HRTEM) image ( figure 3(d) ) further reveals that the lattice fringes are perfectly aligned with an interplanar spacing of 0.346 nm, corresponding to the (002) plane of Sr 1 -HA. It is indicated that the nanofibers in the Ti scaffold are of wellcrystallized Sr 1 -HA single crystal, growing along the c-axis of the hexagonal crystal. Since Ishizawa et al first applied the MAO-HT hybrid approach to compacted Ti in 1995 [39] , there has been no significant progress in morphology and size control of the HA crystals although great efforts have been made; up till now, the HA crystals formed via MAO-HT in all the published literature have not only been submicronsized short rod-like but have also only covered approximately 40-60% of the MAOed titania surfaces, as revealed in the representative works [39] [40] [41] . We have tried to form Sr 1 -HA layers on the MAOed macropore walls of the Ti scaffolds at different temperatures and pH values of HT; only the low temperature and pH value are able to produce a nanofibrous structure similar to bone ECM. As shown in figure 4 , for example, the Sr 1 -HA crystals formed at 140
• C and pH 13 for 24-96 h are equiaxed hexagonal prism-like, similar to the equiaxed hexagonal morphology of HA crystals on Ti alloy produced at 200
• C and pH 10.5-11 [26] , whereas the Sr 1 -HA crystals formed at 180
• C and pH 6.4 for 24-96 h are long hexagonal prism-like with the diameter on a micrometer scale. Multiple authors have reported that HA nanorods and whiskers could be formed in the form of powder by homogeneous precipitation in solution at low pH value [23, 24] . It is suggested that the formation of the bone ECM-shaped Sr 1 -HA in the Ti scaffold is heavily dependent on the temperature and pH value of HT. Figure 5 shows the change in phase component and morphology of the MAOed film on the internal macropores' walls of a Ti scaffold subjected to HT at 140
• C and pH 6.4 for different times. The MAOed film consists of rutile and predominant anatase (pattern I in figure 5(a) ). After HT for 3 h, a new phase component of Ca 0.5 Sr 0.5 TiO 3 appears in the film as identified by the GA-XRD peaks at 32.66
• and 46.88 • according to JCPDS card no. 89-8032 (pattern II in figure 5(a) ), while the outermost part (about 120-150 nm in thickness) of the film exhibits a compacted morphology of nano-scaled particles and the other part of the film keeps a similar morphology to the asMAOed one ( figure 5(b) ), suggesting that the compacted layer of nanoparticles is Ca 0.5 Sr 0.5 TiO 3 . At 5 h, GA-XRD reveals that the additional peaks are present at 28.85
• , 31.64
• , 32.05
• and 44.13
• (pattern III in figure 5(a) ), ascribed to Ca 9 Sr(PO 4 ) 6 (OH) 2 (e.g. Sr 1 -HA) according to JCPDS card no. 34-484. Meanwhile, SEM demonstrates the formation of large amounts of short nanoprisms on the underlying Ca 0.5 Sr 0.5 TiO 3 layer, in which some aligned nanoprisms aggregate side by side to form a bundle while the others are separated ( figure 5(c) ). Such structural characteristics and locations of nanoprisms are more identifiable in figure 5(d) (HT for 12 h), in which the lengths and diameters of the nanoprisms are about 435 and 46 nm, respectively. By 24 h, these nanoprisms undergo significant growth in length and slight coarsening in diameter, transiting to nanofibers with an average length of about 3 μm and a diameter of 70 nm (figures 5(e) and 3); at this point, the Sr 1 -HA diffraction peaks at 31.64
• and 32.05
• become strong (pattern IV in figure 5(a) ). In combination with TEM results (figures 3(c), (d)), it is identified that the nanoprisms/nanofibers consist of Sr 1 -HA. By prolonging the HT time to 96 h, some of the Sr 1 -HA crystals are significantly coarsened in diameter to submicrometer scale; however, the length of the crystals only increases by about 30-40% in comparison with those formed at 24 h ( figure 5(f) ). Also, the inset in figure 5(f) Figure 5 . GA-XRD patterns (a) detected on the centrally-fractured MAOed Ti scaffold before (I) and after HT at 140
• C and pH 6.4 for (II) 3, (III) 5 and (IV) 24 h. Cross-sectional morphologies of the outer parts of the internal macropore walls, taken from the centrally-fractured MAOed Ti scaffold after HT at 140
• C and pH 6. clearly shows that several aligned fine fibers in a bundle fuse to each other, forming a coarse fiber. It is worth noticing that there is no discontinuity at the interfaces of Sr 1 -HA/Ca 0.5 Sr 0.5 TiO 3 /titania/Ti, indicating a strong binding between the adjacent components, which is different from the weak bonding between PA and Ti in PA nanofiber filled Ti foam [2] ; moreover, the thickness of the Ca 0.5 Sr 0.5 TiO 3 layer does not change with prolonging the HT time at least from 3 to 24 h, remaining at about 120-150 nm (figures 5(b)-(e)). Figures 6(a) and (b) show Ca, Sr and P profiles on the cross section of the TiO 2 layer after HT at 140
• C and pH 6.4 for 3, 12 and 24 h. In the layer, the contents of Ca, Sr and P at the same distance from the Ca 0.5 Sr 0.5 TiO 3 /TiO 2 interface decrease with prolonging the HT time. Moreover, the contents of Ca, Sr and P in the TiO 2 layer hydrothermally treated for 24 h tend to decrease from inner to the zone adjacent to the interface and then increase at the interface. In combination with the element profiles shown in figure 5(e) , it is indicated that the incorporated Ca 2+ , Sr 2+ and PO 3− 4 in the TiO 2 layer have a tendency to migrate out to its surface during HT. In parallel, the hydroxyl groups in the autoclaving steam will attack the outermost layer of the TiO 2 to generate HTiO −3 as follows:
Once the Ca 2+ and Sr 2+ in the outermost layer reach a critical concentration due to migration, they may react with th HTiO 3− to transform the outermost layer into Ca 0.5 Sr 0.5 TiO 3 as follows: HTiO 3− + Ca 2+ + Sr 2+ → Ca 0.5 Sr 0.5 TiO 3 + H + , which is similar to the reaction for CaTiO 3 formation [26] . Previous works have shown that CaTiO 3 seems to be a better promoter for the nucleation of biomimetic HA than TiO 2 , owing to the electrostatic interactions resulting from the provision of abundant charged sites on CaTiO 3 [35, 42] and the epitaxial nucleation resulting from the good lattice match between CaTiO 3 and HA on specific crystal planes [43] . Such a mechanism appears applicable to the present case, because Ca 0.5 Sr 0.5 TiO 3 has quite a similar crystallographic structure to CaTiO 3 . Applied here, as the Ca 2+ , Sr 2+ and PO [21] . The whole process of Sr 1 -HA formation and morphology evolution is schematically shown in figure 6(c) .
In the scratch test, the critical load can characterize the bond strength of a surface modification layer. Figure 7 shows 
Wettability and apatite-inducing ability of the multi-scaled hybrid scaffolds
The wettability and apatite-inducing ability of a bone implant are known to play important roles in biological tissue response. Figure 8 shows images of water droplets on the Ti scaffold, MAOed Ti scaffold and MAOed Ti scaffold subjected to HT at 140
• C and pH 6.4 for 24 h, which are similar to those of water droplets on porous NiTi scaffolds and Na 2 Ti 2 O 5 -coated porous NiTi scaffolds [30] . The contact angles of the water droplets on the Ti scaffold, and MAOed Ti scaffolds before and after HT are 129.1
• ± 0.5
• , 47.6
• ± 1.3
• and 5.9
• ± 0.7 • , respectively. It is indicated that the Sr 1 -HA nanofibers on/within the hybrid scaffold can significantly improve its hydrophilicity; thereby cell adhesion and subsequent activities of the cell could be enhanced on the hydrophilic surface relative to the neutral and hydrophobic surfaces [37, 40, 44] . Figure 9 shows the apatite-inducing ability of the Sr 1 -HA nanofibrous layer within the hybrid scaffold hydrothermally treated at 140
• C and pH 6.4 for 24 h by immersing the hybrid scaffold in stimulated body fluid (SBF). After immersion in SBF for 2 days, a deposit is formed around each nanofiber ( figure 9(a) ). TEM observation of the deposit-coated Sr 1 -HA nanofiber was performed as shown in figure 9(b) . The SAED pattern from the area A shows distinct rings attributed to apatite besides spots corresponding to Sr 1 -HA (right inset in figure 9(b) ); an HRTEM image taken from the area B reveals a low crystallized apatite region adjacent to a high crystallized Sr 1 -HA region (bottom inset in figure 9(b) ), indicating that the deposit formed on the Sr 1 -HA nanofibers is apatite. Moreover, the point C contains Sr but the point D of the fiber is free of Sr (figure 9(c)), demonstrating a Sr 1 -HA/apatite interface to be located between the C and D points. On increasing the time of SBF immersion, the apatite induced on each Sr 1 -HA nanofiber becomes thick by day 4 ( figure 9(d) ), and forms a compacted layer by 6 days (figure 9(e)). Figure 10 shows the apatite-inducing ability of the MAOed titania layer within the Ti scaffold. Apatite deposits cannot be observed on the titania layer after 4 days of SBF immersion, are only visible on day 6 and fully cover the titania layer after immersion for 9 days. Based on figures 9 and 10, it is indicated that the Sr 1 -HA nanofibrous layer exhibits a superior apatite-inducing ability in SBF.
It should be pointed out that the thickness of the apatite layer induced on the two kinds of surfaces of the individual Sr 1 -HA nanofibers is different, greater on basal-faceted surfaces than prism-faceted surfaces (inset in figure 9 (a) and TEM image in figure 9(b) ), demonstrating that apatite prefers to nucleate on the basal-faceted surfaces of Sr 1 -HA nanofibers. As is known, hexagonal HA crystal has two types of crystallographic surfaces: positively charged calcium-rich prism-faceted (e.g. a-surface), and negatively charged hydroxyl-and phosphate-rich basal-faceted (e.g. csurface) [45] [46] [47] [48] . The difference in apatite-inducing ability of the prism-and basal-faceted surfaces of hexagonal Sr 1 -HA is related with their intrinsic charges. Although previous works have revealed that the a-and c-surfaces of HA are selective to adsorption of proteins [45] [46] [47] , organic compounds [49] and peptide [50] , the present work shows for the first time that the two kinds of surfaces are also distinguishable in inducing apatite formation.
Conclusions
We have achieved hydrothermal growth of Sr-HA nanofibers on micro-arc oxidized pore walls of a macroporous Ti scaffold. During hydrothermal treatment, the Sr-HA nanofibers nucleate from Ca 0.5 Sr 0.5 TiO 3 pre-formed on TiO 2 , and grow in length at the expense of Ca 2+ , Sr 2+ and PO 3− 4 ions that migrate from the TiO 2 , while the coarsening of Sr-HA in diameter takes place through aggregation of the aligned fine crystals in a bundle and subsequent fusion. These Sr-HA nanofibers construct a network structure similar to the hierarchical organization of bone extracellular matrix, and the resulting nanofibrous surface displays a firm adhesion to substrate, superhydrophilicity and apatite-inducing ability. The nanofiber-walled scaffold has a great potential for load-bearing orthotopic use.
